Abstract. A large range of monitoring applications can benefit from binary sensor networks. Binary sensors can detect the presence or absence of a particular target in their sensing regions. They can be used to partition a monitored area and provide localization functionality. If many of these sensors are deployed to monitor an area, the area is partitioned into sub-regions: each sub-region is characterized by the sensors detecting targets within it. We aim to maximize the number of unique, distinguishable sub-regions. Our goal is an optimal placement of both omni-directional and directional static binary sensors. We compute an upper bound on the number of unique sub-regions, which grows quadratically with respect to the number of sensors. In particular, we propose arrangements of sensors within a monitored area whose number of unique sub-regions is asymptotically equivalent to the upper bound.
Introduction
Geo-sensor networks generate large interest from researchers in spatial information science. They are used to detect, monitor and track continuous environmental phenomena such as toxic plumes or oil spills in seas. Although sensor nodes are usually considered to be inexpensive, large deployments still incur significant costs. In addition, even if the number of sensors is small, the cost of the actual deployment of sensors might still be significant. Thus, it is an important strategy to minimize the costs by identifying optimal arrangements of sensor nodes to cover a monitored area. Our work will analyze an important subclass of geo-sensor networks, those that use binary sensors to detect the presence of a phenomenon. Examples of binary sensors include motion sensors that can detect the presence of movement, RFID (Radio Frequency IDentification) readers that can detect the presence of RFID tags [13] and binary chemical sensors that can detect the presence of chemical compounds in their fields.
Binary sensors can be divided into omni-directional and directional binary sensors. Omni-directional binary sensors can detect the presence of a phenomenon from any direction within a specific distance; whereas, directional binary sensors have a limited range and can only determine the presence of a phenomenon within a sector. Generally, binary sensors are beneficial for movement tracking. RFID antennas, for example, can be used in design of gesture based user interfaces, in which movement of RFID-tagged user hands are detected to enable natural user interaction with computing devices. Moreover, directional RFID antennas can be installed in a museum to track people carrying RFID-enabled devices to enable personalized recommendations of further exhibits. We propose optimal arrangements for both omni-directional and directional binary sensors. The goal of optimal arrangements of binary sensors is to provide the desired accuracy for a large class of applications with reduced cost.
A number of approaches have suggested the use of binary sensor networks to track phenomena or targets in an area [11] [1] [12] [3]. In general, each binary sensor can only return information regarding a target's presence or absence within its sensing region. However, one positive detection of a target greatly confines its possible locations, since a positive detection indicates that the target is in the space defined by the sensing region of that sensor.
In binary sensor networks, the results of all sensor detections can be combined to provide a more accurate estimation of the whereabouts of a target at any given time. In such a case, the monitored area is divided into multiple sub-regions so that each sub-region is in the sensing regions of a particular set of sensors. We refer to the technique of using binary sensors to partition a space as space partitioning.
Figure 1(a) shows partitioning of a monitored area into eight sub-regions r 1 to r 8 , using three omni-directional sensors S 1 , S 2 and S 3 . These sub-regions are distinguishable in the sense that each sub-region is covered by sensing regions of a different set of sensors (Figure 1(b) ). In most tracking applications, the sensors are scattered randomly with uniform distribution over a two-dimensional planar monitored area. Shrivastava et al. [11] show that for a fixed sensing radius, the accuracy improves linearly with an increasing sensor density. Furthemore, for a fixed number of sensors, the accuracy improves linearly with an increase in the sensing radius because an increase in the sensing radius leads to a finer geometric partition of the field.
Space partitioning using binary sensors can also be used to localize stationary targets in many indoor localization applications. For example, an RFID system could be installed in a library to detect misplacement of books [4] . Medication supply rooms in a hospital can also be equipped with binary sensors to provide
